We report calculations of the gluon induced Zg and Zgg productions in the Standard Model at the LHC operating at both 7 TeV and 14 TeV collision energy. We present total cross sections and differential distributions of the processes and compare them with the leading and next-to-leading order QCD pp → Z + 1 jet, Z + 2 jets results. Our results show that the gluon induced Zg and Zgg productions contribute to pp → Z + 1 jet, Z + 2 jets at 1% level.
I. INTRODUCTION
The CERN Large Hadron Collider(LHC) is acquiring data at a high rate with the center mass energy of 7 TeV, which provides strong experimental support to explore the details of the Standard Model (SM) and investigate new physic (NP). One of the most important relevant processes at the LHC is Z boson production accompanying jets(j) as it is important for both quantitative tests of the SM and serving as backgrounds of NP processes. Thus it is necessary to estimate these processes as more accurate as possible. Z+ jets productions at hadron colliders have been extensively studied at QCD leading order(LO) and next-toleading order(NLO) [1] [2] [3] [4] [5] [6] (and references therein).
gg → Zg and gg → Zgg, although formally are finite subsets of the next-to-next-toleading-order(NNLO) QCD corrections to the processes pp → Zj and pp → Zjj, respectively, can get enhanced at the LHC because of high luminosity of gluon than quarks to compensate the suppression of α s to some extent. Therefore, it is worthwhile to investigate these processes so as to judge whether their contributions could be ignored or not. In Ref. [7] , attention was paid to gluon induced Z boson plus one jet associated production which however shows that the contribution is small as ∼ 1% of the LO result.
In this paper, we update the calculations of gg → Zg and report also the results of gg → Zgg at the LHC. Comparing them with the LO and NLO Zj and Zjj production rates, we give an estimation of the importance of gluon induced Zg and Zgg productions at the LHC running at both 7 TeV and 14 TeV. This paper is organized as follows. In Sec. II, we give a brief description of our calculations. In Sec. III, we show numerical results and discussions. We close this paper with a summary.
II. DESCRIPTION OF THE CALCULATION
The relevant one-loop Feynman diagrams and amplitudes for the partonic process gg → Zgg have been generated with FeynArts 3.6 [8, 9] . The diagrams are sorted into 2 topological classes, corresponding to boxes and pentagons, as shown in Fig. 1 . Note that the contributions of triangle diagrams can be neglected [7] .
We then use FormCalc 6.2 [13] to manipulate the amplitudes. The Fortran libraries generated with the FormCalc are then linked to our own Monte Carlo integration code for numerical calculations. The tensor integrals are evaluated with the LoopTools-2.5 [13] , which uses the method introduced in Ref. [14] to reduce the pentagon tensor integrals, and Passarino-Veltman procedure [15] [16] [17] [18] to reduce lower point ones. The resulting regular scalar integrals are evaluated with the FF package [19, 20] . Moreover, we have implemented the reduction method for pentagon tensor integrals up to rank 5 as proposed in Ref. [21] . We have also implemented in LoopTools the so called alternative Passarino-Veltman reduction for triangle and box tensor integrals [21] to improve numerical stability. We use MCFM [3, 4] to generate results of the pp → Zj, Zjj to make a comparison with our results.
We checked the cancelation of ultraviolet and infrared divergences in our calculations, and tested the independence on the mass scale in the Fermion loop. We also checked our results by comparing with numerical results shown in Ref. [7] . We reproduced their results with the same settings and parameters.
III. NUMERICAL RESULTS
In this section we present our numerical results for the total and differential cross sections of the Z + j and Z + jj productions at the LHC. We use CTEQ6L1/CTEQ6M parton distribution functions(PDFs) [22] and default values of corresponding LHAPDF [23] Hence, numerically the SM parameters used in our calculations are listed below:
We impose the following cuts to define the jets
where P j T is the transverse momentum of the jets, η j is the pseudorapidity of the jets and φ is the azimuthal angle around the beam direction. ∆R jj define the separation of two jets.
Renormalization and factorization scales are set as follows:
Throughout the calculations, six flavors of quark are included in the quark loop with m b = 4.6 GeV and m t = 173 GeV, and all other quarks are taken as massless. and pp → Zjj, we conclude that these two channels contribute at an order of 1 ∼ 2% to the Zj and Zjj productions at the LHC, at both the total and differential cross section levels. 
